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 Rxi(x+x; t)  Lx@i(x+x; t)
@t
  v(x+x; t) + v(x; t) = 0 (2.1)
?????????????
 v(x+x; t)  v(x; t)
x

















  i(x+x; t)  i(x; t)
x































































































???????????????? v(x; t)???????? V (x)????? i(x; t)????




= (R+ j!L)I(x) (2.14)
 dI(x)
dx
= (G+ j!C)V (x) (2.15)
8 ? 2? ??
??????????????????????? Z  R + j!L ???????????









































V (x) = C1e







 pZY x + C2e+
p









ZY x =  ZI(x)









































































??????????????????????Z0 = 50 
???????????????
????
? 2.3????????????????????????? l????? ???????
??? Z0 ????x = 0 ????????????? Zg ????? Eg ???????
x = l??????????? Zl ???????????????
???x = l?????????????2.21???2.22?????
V (l) = C1e





 l   C2e+l) (2.30)




























????C1e l ? x = l??????????????C2e+l ? x = l?????????








?2.33?????Zl = Z0 ???   = 0???????????????????????
??????????????????????????????????????????
???2.32?????













? 2.3??????????????????x = 0????????????2.21???2.22?
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(C1   C2) (2.37)
?????????2.36???2.37???????????????????????? C1?C2
? x = 0????????????????
C1 =


























V (0) + Z0I(0)
2




















24 cosh l  Z0 sinh l
  1
Z0

















24 cosh l Z0 sinh l1
Z0





24 cosh l Z0 sinh l1
Z0





12 ? 2? ??
?????2.43?????????? F ???F ???????Chain Matrix?Cascaded
Matrix?Fundamental Matrix???????????????
?????????????????  ???? j ??????
V (l) =

















V (0) + Z0I(0)
2































































































































































































?????????????#i;#j;#k(i; j; k = 1; 2;    ; n; i 6= j 6= k)?????????
??????????????????????????????????????????
????????? #i??? ri?? #i?????????? lii?? #i? GND????
??????? gi??#i? GND???? cgi ??????????????Coupling??
???????? #i?? #j ??????????? lij????????????? gmij?
???? cmij ????
???? 2.4???????? 1 ! 2 ! 3 ! 4 ! 5 ! GND ! 1???????
???????????
 rixIi(x+x)  j!liixIi(x+x)
  (  + j!lijxIj(x+x) + j!likxIk(x+x) +    )















14 ? 2? ??
???????? 2.4?? 2? 3? 4????????????????????????
???????
Ii(x) =ggixVi(x) + j!cgixVi(x)
  + gmijx(Vi(x)  Vj(x)) + j!cmijx(Vi(x)  Vj(x))

































































































 (gmn1 + j!cmn1)  (gmn2 + j!cmn2)
   0 r1 + j!l11 j!l12    j!l1n



















   0 j!ln1 j!ln2    rn + j!lnn
    (gm1n + j!cm1n) 0 0    0

































































r1 0    0









l11 l12    l1n









g11 g12    g1n



























16 ? 2? ??
C 
266664
c11 c12    c1n



























Z  R+ j!L (2.63)






































?????M ? 2n 2n???? P ?????
P 1MP =
2666666666666664
Vs1 0    0 0 0    0









0 0    Vsn 0 0    0
0 0    0 Is1 0    0







































































































































e Vs1x 0    0 0 0    0









0 0    e Vsnx 0 0    0
0 0    0 e Is1x 0    0














































































































0 0    0





0 0    0
0 0    0






























1 0    0 0 0    0









0 0    1 0 0    0
0 0    0 1 0    0













 Vs1x 0    0 0 0    0









0 0     Vsnx 0 0    0
0 0    0  Is1x 0    0





























0 0    1
2
( Vsnx)2 0 0    0
0 0    0 1
2
( Is1x)2 0    0
0 0    0 0 1
2






























0 0    1
6
( Vsnx)3 0 0    0
0 0    0 1
6
( Is1x)3 0    0
0 0    0 0 1
6













+    (2.79)
= U +
2666666666666664
 Vs1x 0    0 0 0    0









0 0     Vsnx 0 0    0
0 0    0  Is1x 0    0















 Vs1x 0    0 0 0    0









0 0     Vsnx 0 0    0
0 0    0  Is1x 0    0









0 0    0 0 0     Isnx
3777777777777775
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 Vs1x 0    0 0 0    0









0 0     Vsnx 0 0    0
0 0    0  Is1x 0    0









0 0    0 0 0     Isnx
3777777777777775
3







 Vs1x 0    0 0 0    0









0 0     Vsnx 0 0    0
0 0    0  Is1x 0    0

















 Vs1x 0    0 0 0    0









0 0     Vsnx 0 0    0
0 0    0  Is1x 0    0























M = PDP 1 (2.83)













































???M ?????????????M ????? ?????? ?????????
?? x?????
Mx = x (2.86)
???????2.86?????????????






det (M   U) = 0 (2.88)
24 ? 2? ??
??????????2.88??????????????2.85?????  ZY  






































































































































































































































24 cosh l Z0 sinh l1
Z0

























= ZY V (x) (2.113)
??????2.113????? ZY ? n n???? Tv ?????
T 1v (ZY )Tv =
266664
2Vm1 0    0



















= Y ZV (x) (2.116)
??????2.116????? Y Z ? n n???? Ti ?????
T 1i (Y Z)Ti =
266664
2Im1 0    0





0 0    2Imn
377775 (2.117)
??????????????????????????????????????ZY 6= Y Z
????????????2.57???2.64?????Z; Y ????????????????
?????????? (AB)t = BtAt ??????
ZY = ZtY t = (Y Z)
t
(2.118)
Y Z = Y tZt = (ZY )
t
(2.119)
????ZY ? Y Z ????????????????????????????????
??????????????????????266664
2Vm1 0    0





0 0    2Vmn
377775 =
266664
2Im1 0    0





0 0    2Imn
377775 
266664
2m1 0    0
















= T 1i (Y Z)Ti (2.121)





v = U (2.122)
???????? [13]?????? Tv ???????????Ti ????????????
???????????




























377775 = T 1i I(x) (2.124)
??????????????? Im(x)??????2.123?????
V (x) = TvVm(x) (2.125)
????????2.124?????




T 1v V (x) = T
 1


















2m1 0    0




































2m1 0    0













????????2.128??????2.130????n  1 ????? Vm(x) ? i ?????
Vmi(x)??? n1????? Im(x)? i????? Imi(x)????? nn?? 2m? i?
2.2 ??????????????? 29
??????? mi ?????????????????????????????????





m ??????????????? Z0m ?????? n n??????????????
m 
266664
m1 0    0










2m1 0    0
0 
p









Z0m1 0    0





0 0    Z0mn
377775 =  1m T 1v ZTi = T 1v Y  1Tim (2.132)














































































































































???? 2.5? 2????????x??????????? 2???????????





























gg1 + gm  gm










cg1 + cm  cm








































zsys + zmym zsym + zmys













yszs + ymzm yszm + ymzs
ymzs + yszm ymzm + yszs
#
(2.147)
???ZY = Y Z  Q???????????
???2?????Q?????????????Q????? ?????? ???
???????? x?????
Qx = x (2.148)
???????2.148?????????????






det (Q  U) = 0 (2.150)
32 ? 2? ??
??????????2.150??????????????2.146???2.147?????zsys + zmym    zsym + zmyszmys + zsym zmym + zsys   
 = (zsys+zmym )2 (zsym+zmys)2 = 0 (2.151)
??????
2   2(zsys + zmym)+ (z2sy2s + z2my2m   z2sy2m   z2my2s) = 0 (2.152)
?????2.152??? 2????????????????
 = (zsys + zmym) (zsym + zmys) (2.153)
????
????
1 = (zsys + zmym)  (zsym + zmys) (2.154)
2 = (zsys + zmym) + (zsym + zmys) (2.155)





zsys + zmym   1 zsym + zmys












zsym + zmys zsym + zmys

























zsys + zmym   2 zsym + zmys













 (zsym + zmys) zsym + zmys


































































(zs   zm)(ys   ym) 0
0
p




















































































? m2 ??????Even Mode???????????????????????????
???????????????????2.144???2.145?????? zm = ym = 0???
????2.167???????????????? Z0o ???????????????? Z0e
?????











































(zs   zm)(ys   ym) 0
0
p
























































































Vdm(x); V2(x) =  1
2
Vdm(x) (2.177)
I1(x) = Idm(x); I2(x) =  Idm(x) (2.178)


















































cosh dml 0 Z0dm sinh dml 0
0 cosh cml 0 Z0cm sinh cml
Z 10dm sinh dml 0 cosh dml 0






























































































cosh dml + cosh cml   cosh dml + cosh cml






264 Z0dm2 sinh dml + 2Z0cm sinh cml  Z0dm2 sinh dml + 2Z0cm sinh cml
 Z0dm
2
sinh dml + 2Z0cm sinh cml
Z0dm
2



































??? Iiin?????????????? Viout ??? Iiout ???????????????

































































? 2.7 n????????? S??






















= jIiout j2 Z0
(2.190)
????????2.190????????????????????jaiin j2 ? i??????
??????????jaiout j2 ????????????????????i????????
????????? Pi ??
Pi = jaiin j2   jaiout j2 (2.191)
??????
???????aiin ? i?????????????????aiout ???????????










S11 S12    S1n




















?2.193?????? i??????????? j ???????????????????



























?????????????2.194????????????? n  n??????????
??????????? Z??????????????






































































































































































































































































2.4.2 S??? T????? [18]
T????S??????????????F????????????????????



























































































































































????????????????n = 3???????????? 3.1????
???????????????????????????????? TEM??????
























???????? 3.1???? xy ??????????????????????????
????????????? 3.2(a)???????? 2.4????????????????































































































????????????? 3.2(c)???????????dij = dji ??#i??#j ???































d2ij   (ai   aj)2 +D














ij   (ai   aj)2 +D0
d
02


































Shf = 2ai (3.11)


















48 ? 3? ????
????????????Csi < 1????????????? 3.3(a)??????????
????????Csi = 1????






























? y ????????????????? 2??????????????????????
??????? 2?????????????????????? 3.4??????????
?????????????????????
b2 = c2i   a2i = c2j   a2j (3.13)
























di = ci   b =
d2ij + a
2






j   2a2i a2j   2a2i d2ij   2a2jd2ij
2dij
(3.16)
dj = cj   b =
d2ij + a
2


































































lext1 l12    l1n





ln1 ln2    lextn
377775 (3.23)






???? 3.2?c????????????????? GND???? c0gi ????????
cmij ?????C0 ?????? c0ii ???????? c0ij ??????




c0mij =  c0ij (3.26)
????
????? 3.2?c???????#i??? ti????? "r ?????? [25]??????
3.2?b?????????????????????????????? GND??????
3.2 ?????????? 51








ti + "rai cosh
 1
(s

















  2(aitj + ajti)




4(ai + ti)(aj + tj)
) (3.28)
?????????3.27??????3.28?????????? GND???? cgi ?????
??? cmij ??
cgi = c0gi + C
+
gi  c0gi (3.29)
cmij = c0mij + C
+




?????????? tan  ?????????????????????????????
?????3.27???3.28?????
ggi = ! tan   C+gic0gi (3.31)
gmij = ! tan   C+mijc0mij (3.32)
????
????????????????????3.2???????????????????
2.4.1 ???????? Z0 = 50 
 ?????????????????????????
??????????????????????????????MathWorks??????
??? MATLAB 2014a ?????????????? Agilent ????????????
????????Vector Network Analyzer?VNA?E5071B??????????????

















?????2?????????????????????Twisted Pair Cable, Twisted
Wire Pair?TWP???????????????? 4.1 ???????????????
??????? P???????? L?GND?????? h??????????????
?????? 4.1?????????????????
? 4.1 ?????????????????
????? P ????? L ??? h
[A] 45 mm 50 cm 12 mm
[B] 25 mm 50 cm 12 mm
[C] 45 mm 100 cm 12 mm










? 4.2???????????????????????? Port 1, 3?????????








? 4.3 ??????????? DUT?a????????b???????
54 ? 4? ???????????????
? 4.3 ? DUT?Device Under Test????????????????? CAVS ??
0.3sq????????? a = 0:35 mm???? (PVC)???? t = 0:35 mm??????
Sc = 0:3716 mm
2?? 2?????????????????GND????? 3 mm???





??????? 4.1???????????????????????? P ???????
N ?????????????????1???????????????????????
???????1????m???????m????????????????????
???? l = P=m??????? F1;    ;Fm ??????
GND
? 4.4 ?????????????????
? 4.4?????????????????????2?????????? xy ????
????#i????? (xi; yi)??????(
x1 = (a+ t) cos  = 0:7 cos  [mm]
y1 = (a+ t) sin  = 0:7 sin  [mm]
(4.1)
(
x2 =  (a+ t) cos  =  0:7 cos  [mm]
y2 =  (a+ t) sin  =  0:7 sin  [mm] (4.2)
4.2 ?????????? 55
????0    2 ????m+ 1?????m??  ????????????????
??????????? r = 0:999991?????  = 5:8  107 S/m?PVC??????
??????? "r = 3:5?????? tan  = 0:008????




??????? Fin; Fout ?????
??????????????????? FTWP ??

























[A] P = 45 mm, L = 50 cm, h = 12 mm???
























? 4.6 ???? S11 ?????























? 4.7 ???? S11 ?????

























? 4.8 ???? S31 ?????























? 4.9 ???? S31 ?????
4.2 ?????????? 57
























? 4.10 ???? S21 ?????























? 4.11 ???? S21 ?????
























? 4.12 ???? S41 ?????























? 4.13 ???? S41 ?????
[B] P = 25 mm, L = 50 cm, h = 12 mm???
























? 4.14 ???? S11 ?????























? 4.15 ???? S11 ?????
58 ? 4? ???????????????


























? 4.16 ???? S31 ?????























? 4.17 ???? S31 ?????
























? 4.18 ???? S21 ?????























? 4.19 ???? S21 ?????
























? 4.20 ???? S41 ?????























? 4.21 ???? S41 ?????
4.2 ?????????? 59
[C] P = 45 mm, L = 100 cm, h = 12 mm???























? 4.22 ???? S11 ?????























? 4.23 ???? S11 ?????
























? 4.24 ???? S31 ?????























? 4.25 ???? S31 ?????


























? 4.26 ???? S21 ?????























? 4.27 ???? S21 ?????
60 ? 4? ???????????????
























? 4.28 ???? S41 ?????























? 4.29 ???? S41 ?????
[D] P = 45 mm, L = 50 cm, h = 1:4 mm???

























? 4.30 ???? S11 ?????























? 4.31 ???? S11 ?????


























? 4.32 ???? S31 ?????























? 4.33 ???? S31 ?????
4.2 ?????????? 61



























? 4.34 ???? S21 ?????























? 4.35 ???? S21 ?????























? 4.36 ???? S41 ?????








































 1????m = 4???????????
 1????m = 10???????????
 1????m = 20???????????




[A] P = 45 mm, L = 50 cm, h = 12 mm???
























? 4.38 ???? S11 ?????























? 4.39 ???? S11 ?????
4.3 1???????????????? 63

























? 4.40 ???? S31 ?????























? 4.41 ???? S31 ?????
























? 4.42 ???? S21 ?????























? 4.43 ???? S21 ?????
























? 4.44 ???? S41 ?????























? 4.45 ???? S41 ?????
64 ? 4? ???????????????
[B] P = 25 mm, L = 50 cm, h = 12 mm???
























? 4.46 ???? S11 ?????























? 4.47 ???? S11 ?????


























? 4.48 ???? S31 ?????























? 4.49 ???? S31 ?????
























? 4.50 ???? S21 ?????























? 4.51 ???? S21 ?????
4.3 1???????????????? 65
























? 4.52 ???? S41 ?????























? 4.53 ???? S41 ?????
[C] P = 45 mm, L = 100 cm, h = 12 mm???























? 4.54 ???? S11 ?????























? 4.55 ???? S11 ?????
























? 4.56 ???? S31 ?????























? 4.57 ???? S31 ?????
66 ? 4? ???????????????


























? 4.58 ???? S21 ?????























? 4.59 ???? S21 ?????
























? 4.60 ???? S41 ?????























? 4.61 ???? S41 ?????
[D] P = 45 mm, L = 50 cm, h = 1:4 mm???

























? 4.62 ???? S11 ?????























? 4.63 ???? S11 ?????
4.3 1???????????????? 67
























? 4.64 ???? S31 ?????























? 4.65 ???? S31 ?????

























? 4.66 ???? S21 ?????























? 4.67 ???? S21 ?????


























? 4.68 ???? S41 ?????























? 4.69 ???? S41 ?????






???????????????????????????????m = 10????? 1.3

















? 5.1 ?????? 2????? DUT?a????????b???????
? 5.1???????? AVS?? 0.85sq????????? a1 = 0:6 mm?????PVC?
???? t1 = 0:5 mm?????? Sc1 = 0:8494 mm2?? 5sq????????? a2 = 1:5
70 ? 5? ????????????
mm?????PVC????? t2 = 0:7 mm?????? Sc2 = 5:228 mm2?????? 50
cm??????1??? 65 mm???????GND?????????????????














? 5.2 ?????? 2??????????
? 5.2???????????????#1? 0.85sq???#2? 5sq??????????
?#2????????? xy ????????#i????? (xi; yi)??????(
x1 = (a1 + a2 + t1 + t2) cos  = 3:3 cos  [mm]
y1 = (a1 + a2 + t1 + t2) sin  = 3:3 sin  [mm]
(5.1)
(
x2 = 0 mm
y2 = 0 mm
(5.2)




???????????????????? (xporti ; yporti)??????????????
5.1 ?????? 2???? 71
??????????????mt ??????????????????????????
????????????????????????(
xport1 = 6 mm
yport1 = 7:6 mm
(5.3)
(
xport2 =  6 mm
yport2 = 33:6 mm
(5.4)(
xport3 =  6 mm
yport3 = 7:6 mm
(5.5)
(
xport4 = 6 mm
yport4 = 33:6 mm
(5.6)
?????????Port 1 ??? 2 ?????????  = 0 ????????????
(x1in; y1in)??? (x2in; y2in)??????(
x1in = 3:3 mm
y1in = 0 mm
(5.7)
(
x2in = 0 mm
y2in = 0 mm
(5.8)
????Port 3??? 4?????????  =  ???????????? (x1out; y1out)
??? (x2out; y2out)??????(
x1out =  3:3 mm
y1out = 0 mm
(5.9)
(
x2out = 0 mm


























































72 ? 5? ????????????


























































































































































5.1 ?????? 2???? 73







































































































































? 5.15 ? 1??????????? m1 ??? ? 5.16 ? 2??????????? m2 ???
? 5.17 ? 1??????????? m1 ??? ? 5.18 ? 2??????????? m2 ???
5.1 ?????? 2???? 75
? 5.19 ??????????? 1????
??????? m1 ???
? 5.20 ??????????? 2????
??????? m2 ???
? 5.21 ? 1??????????????
?? Z0m1 ???
? 5.22 ? 2??????????????
?? Z0m2 ???
? 5.23 ? 1??????????????
?? Z0m1 ???




























? 5.25 ???????? 3????? DUT?a????????b???????
? 5.25??3?? 0.85sq????? 30 cm?????????????????GND?
????? hin = 12 mm?? hout = 38 mm?????????????????????
???????Port 1? 3????2? 5?3? 6???????????????????
???????????????????????????????????
5.2.2 ????
? 5.26??????????????? 5.26?????????????????? xy



























































? 5.26 ???????? 3??????????























































78 ? 5? ????????????
???????????





































? 5.27 S11 ?????

























? 5.28 S11 ?????



























? 5.29 S33 ?????

























? 5.30 S33 ?????
5.2 ???????? 3???? 79



























? 5.31 S44 ?????

























? 5.32 S44 ?????



























? 5.33 S66 ?????

























? 5.34 S66 ?????
????
























? 5.35 S41 ?????























? 5.36 S41 ?????
80 ? 5? ????????????
























? 5.37 S63 ?????























? 5.38 S63 ?????
























? 5.39 S14 ?????























? 5.40 S14 ?????
























? 5.41 S36 ?????























? 5.42 S36 ?????
5.2 ???????? 3???? 81
????































? 5.43 S21 ?????





























? 5.44 S21 ?????































? 5.45 S32 ?????





























? 5.46 S32 ?????































? 5.47 S54 ?????





























? 5.48 S54 ?????
82 ? 5? ????????????































? 5.49 S65 ?????





























? 5.50 S65 ?????
????






























? 5.51 S61 ?????




























? 5.52 S61 ?????






























? 5.53 S42 ?????




























? 5.54 S42 ?????
5.2 ???????? 3???? 83






























? 5.55 S53 ?????




























? 5.56 S53 ?????






























? 5.57 S34 ?????




























? 5.58 S34 ?????






























? 5.59 S15 ?????




























? 5.60 S15 ?????
84 ? 5? ????????????






























? 5.61 S26 ?????

































????????Port 1?3? Port 4?6??????????????????????
????????????????????????????? 300 MHz????? 600?
700 MHz???????????? 5.27?5.29??????  10 dB??????????
?????????????????? 5.31?5.33??????  10 dB????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????????? S41 = S14?S63 = S36 ???????








5.2 ???????? 3???? 85
?????????????????????????????
3????? 3??????????????????????????????????
???????????????300 kHz?1 GHz??????????????? Port 1
?3????????????????????
? 5.63 ? 1??????????? m1 ??? ? 5.64 ? 1??????????? m1 ???
? 5.65 ? 2??????????? m2 ??? ? 5.66 ? 2??????????? m2 ???
? 5.67 ? 3??????????? m3 ??? ? 5.68 ? 3??????????? m3 ???
86 ? 5? ????????????
? 5.69 ??????????? 1??????????? m1 ???
? 5.70 ??????????? 2??????????? m2 ???
? 5.71 ??????????? 3??????????? m3 ???
5.2 ???????? 3???? 87
? 5.72 ? 1??????????????
?? Z0m1 ???
? 5.73 ? 1??????????????
?? Z0m1 ???
? 5.74 ? 2??????????????
?? Z0m2 ???
? 5.75 ? 2??????????????
?? Z0m2 ???
? 5.76 ? 3??????????????
?? Z0m3 ???
? 5.77 ? 3??????????????
?? Z0m3 ???












3????? 2?????????????Port 1?5???????Port 6?8?????
? 1?Port9, 10?????? 2???????????????????????????
??? 6.1??????
? 6.1 ????????
? ????? ? ?? ??
#1 AVS 0.85sq ? Port 1 Port 6
#2 AVS 0.85sq ? Port 2 Port 7
#3 AVS 5sq ? Port 3 Port 8
#4 CAVS 0.3sq ? Port 4 Port 9
#5 CAVS 0.3sq ? Port 5 Port 10







Input (Port 1, 2, 3, 4, 5) Output 2 (Port 9, 10) 


























A111 A121 A131 A141 A151 B111 B121 B131 B141 B151
A211 A221 A231 A241 A251 B211 B221 B231 B241 B251
A311 A321 A331 A341 A351 B311 B321 B331 B341 B351
A411 A421 A431 A441 A451 B411 B421 B431 B441 B451
A511 A521 A531 A541 A551 B511 B521 B531 B541 B551
C111 C121 C131 C141 C151 D111 D121 D131 D141 D151
C211 C221 C231 C241 C251 D211 D221 D231 D241 D251
C311 C321 C331 C341 C351 D311 D321 D331 D341 D351
C411 C421 C431 C441 C451 D411 D421 D431 D441 D451
C511 C521 C531 C541 C551 D511 D521 D531 D541 D551
3777777777777777775
(6.1)








A112 A122 A132 B112 B122 B132
A212 A222 A232 B212 B222 B232
A312 A322 A332 B312 B322 B332
C112 C122 C132 D112 D122 D132
C212 C222 C232 D212 D222 D232










A113 A123 B113 B123
A213 A223 B213 B223
C113 C123 D113 D123
C213 C223 D213 D223
37775 (6.3)
















??????????? 1?????????? Vout1 ????????? Iout1?????




375 ; Iout1 =
264I6I7
I8

























A111 A121 A131 A141 A151 B111 B121 B131 B141 B151
A211 A221 A231 A241 A251 B211 B221 B231 B241 B251
A311 A321 A331 A341 A351 B311 B321 B331 B341 B351
A411 A421 A431 A441 A451 B411 B421 B431 B441 B451
A511 A521 A531 A541 A551 B511 B521 B531 B541 B551
C111 C121 C131 C141 C151 D111 D121 D131 D141 D151
C211 C221 C231 C241 C251 D211 D221 D231 D241 D251
C311 C321 C331 C341 C351 D311 D321 D331 D341 D351
C411 C421 C431 C441 C451 D411 D421 D431 D441 D451




A112 A122 A132 0 0 B112 B122 B132 0 0
A212 A222 A232 0 0 B212 B222 B232 0 0
A312 A322 A332 0 0 B312 B322 B332 0 0
0 0 0 A113 A123 0 0 0 B113 B123
0 0 0 A213 A223 0 0 0 B213 B223
C112 C122 C132 0 0 D112 D122 D132 0 0
C212 C222 C232 0 0 D212 D222 D232 0 0
C312 C322 C332 0 0 D312 D322 D332 0 0
0 0 0 C113 C123 0 0 0 D113 D123

























A2 O32 B2 O32
O23 A3 O23 B3
C2 O32 D2 O32





















A1A23 +B1C23 A1B23 +B1D23














?????????????????????? 5????????? 3???? 2????
??????????????? F1?F3 ???????6.6???????????????
???????????????? 3????? 2?????????????
92 ? 6? ????????
6.1.2 ??
????


























? 6.2 S11 ?????

























? 6.3 S11 ?????



























? 6.4 S33 ?????

























? 6.5 S33 ?????


























? 6.6 S44 ?????

























? 6.7 S44 ?????
6.1 ??????????????? 93
????
























? 6.8 S61 ?????























? 6.9 S61 ?????























? 6.10 S83 ?????























? 6.11 S83 ?????
























? 6.12 S94 ?????























? 6.13 S94 ?????
94 ? 6? ????????
????































? 6.14 S21 ?????





























? 6.15 S21 ?????






























? 6.16 S31 ?????





























? 6.17 S31 ?????































? 6.18 S42 ?????





























? 6.19 S42 ?????
6.1 ??????????????? 95































? 6.20 S43 ?????





























? 6.21 S43 ?????






























? 6.22 S54 ?????





























? 6.23 S54 ?????
????






























? 6.24 S71 ?????




























? 6.25 S71 ?????
96 ? 6? ????????






























? 6.26 S81 ?????




























? 6.27 S81 ?????






























? 6.28 S101 ?????




























? 6.29 S101 ?????






























? 6.30 S63 ?????




























? 6.31 S63 ?????
6.1 ??????????????? 97






























? 6.32 S103 ?????




























? 6.33 S103 ?????






























? 6.34 S74 ?????




























? 6.35 S74 ?????






























? 6.36 S84 ?????




























? 6.37 S84 ?????
98 ? 6? ????????





























? 6.38 S104 ?????




























? 6.39 S104 ?????
?????????????






























? 6.40 S97 ?????




























? 6.41 S97 ?????






























? 6.42 S98 ?????






























































































































3777775 ; Rg =
2666664
Rg1 0 0 0 0
0 Rg2 0 0 0
0 0 Rg3 0 0
0 0 0 Rg4 0
0 0 0 0 Rg5
3777775 ; Rl =
2666664
Rl1 0 0 0 0
0 Rl2 0 0 0
0 0 Rl3 0 0
0 0 0 Rl4 0




Vin = Eg  RgIin (6.9)
???????????????




Iout = fRg(CallRl +Dall) + (AallRl +Ball)g 1Eg (6.11)
Vout = Rl fRg(CallRl +Dall) + (AallRl +Ball)g 1Eg (6.12)
????????????????????????
Iin = (CallRl +Dall) fRg(CallRl +Dall) + (AallRl +Ball)g 1Eg (6.13)
Vin = Eg  Rg(CallRl +Dall) fRg(CallRl +Dall) + (AallRl +Ball)g 1Eg(6.14)
??????? [26]?










???????????????Vjct; Ijct ?????? 4,5??????????????





















ICMk = I4k + I5k (6.17)
?????????
6.2.2 ??
??????ISO11898 ??????? High-Speed CAN ??? [5] ????????
?????????????????? Rgi = Rli = 60 
 ????????????
Eg1 = Eg2 = Eg3 = 0 V, Eg4 = 1 V, Eg5 =  1 V ?????????????????
102 ? 6? ????????
??????????????????????????????????????????
??????????????????????????????????????? 6.45
???????????? P = 45 mm???????? 6.46? P = 27 mm???????
??????????????????????????????? 2 ?????????
????? 300 kHz?100 MHz????????? 250?????????
? 6.45 P = 45 mm???????????????????????
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